A field experiment was conducted at Sakha, Res. Station during two winter seasons (2017/2018 and 2018/2019), to evaluate the effect of land leveling (Traditional and Laser land leveling) and cut off irrigation (without cutoff and cutoff irrigation) on nitrate losses into drainage water in clay soil as well as yields, Nuptake and irrigation water productivity (PIW) of wheat. Results showed that: Laser land leveling and/or cutoff irrigation led to reduce of irrigation water amount, drain discharge rates and cumulative discharges compared to traditional leveling and/or irrigation.NO 3 contents of the soil after N-fertilizer application under Laser land leveling and/or cut off irrigation were higher than traditional leveling and/or irrigation. Laser land leveling and/or cutoff irrigation led to less amount of nitrogen losses in drainage water. The overall average values of NO 3 losses were 17.94, 14.20, 12.45 and 8.16 kgfed -1 for traditional leveling with traditional irrigation, traditional leveling with cut off irrigation, Laser leveling with traditional irrigation and Laser land leveling with cut off irrigation, respectively. The corresponding values of nitrogen losses were 4.05, 3.21, 2.81 and 1.84 kgfed -1 , respectively. Laser land leveling with or without cut off irrigation led to enhancing yields, N-uptake and PIW of wheat. Laser land leveling application resulted in increasing wheat grain yield by 11.73% and N-uptake by 6.50 kgfed -1 than traditional leveling. Laser land levelling application lead to reducing nitrate losses into drainage water, thereby increased the efficacy of N fertilizers and increased the wheat productivity. Cut off irrigation reduced the potential for nutrient-N loss through better irrigation.
INTRODUCTION
Drainage water contamination by nitrate with the development of intensive farming systems has become a worrying threat to the environment and economy. Increased flow of drains supplies the nitrate concentration in the outlet water, which increases health risks to mankind if water is used as a drinking source (Kladivko et al. 2004 and 2010) . Ramadan et al.2009 , Maija et al. 2012 and El-Hawary 2012 reported that, when the majority of the water flow occurs the major mass losses of nitrate occur in addition to NO3-losses, occurs throughout the growing season. Bjorneberg et al. (1998) and Bakhsh et al. (2002) showed a high correlation (R2 = 0.89) were found between volume of drainage water flow and leaching losses of NO3-N into drainage water. The substantial variation of nitrate amount in drainage water may be attributed to some factors involving soil characteristics, amount of irrigation water, drainage conditions and fertilizers forms (Nasseem, 1991 , Bakhsh et al., 2002 and Ramadan et al.2009 ). Nitrate transport into field drainage tile (out of the rhizosphere) depends on soil hydraulic characteristics, amount of irrigation water, N-fertilizer source, amount and time of nitrogen application (Gheysari et al., 2009) . Few researchers have studied subsurface drain flows to evaluate leaching losses of nutrients under various agricultural management practices (Drury et al., 1996; Bakhsh et al., 2002; Ramadan et al., 2009; Kladivko et al., 2010; Maija et al. 2012 and El-Hawary 2012; Antar 2013; Khafagy, et al., 2018) .
Precise leveling of the soil resulted in a good improvement in agricultural water management, rising irrigation efficiency, saving labor and reducing energy requirements for irrigation water pumping (Omara, 2003) . Precision land leveling leads to visible changes (decreased or increased) for the properties of top soil layers (Brye, 2007) . The benefits of laser land leveling according to Rickman, 2002 and Jat, et al., 2006 are: 1) Precision leveling of the soil surface leads to an appropriate distribution of soil moisture which resulting in a good seed germination and hence higher crop production efficiency. 2) Irrigation can be controlled and reducing water losses by surface runoff by using precision leveling of the soil surface. 3) Accurate leveling of soil surface increases irrigation efficiency and reduces fertilizer loss problems. 4) Problems of weeds, diseases, insects and all pests of the soil can be reduced by using laser leveling of the soil surface. 5) A precisely leveled surface leads to improve wheat crop stand and yield. And 6) In general, laser leveling of the soil surface reduces the consumption of agricultural inputs such as seeds, fertilizers, pesticides and fuel and consequently increasing the economic returns for crops.
Wheat (Triticum aestivum) is the principal winter crop in Egypt, it is the most important grain crop in the world.
The world production exceeds that of any other grain crop, and in many respects it is superior to any other human food. Wheat is the major bread making cereal, and Egypt has to supplement production by importing just over half of its needs to supply the annual demand. The analysis of drain flows provide information on the quality of water that moves between and below the drain. Controlled of irrigation and some agricultural practices studies under drainage conditions may be useful in reduction of NO3-losses as well as enhancing water quality. The goals of this study are to evaluate the impact of land leveling (Traditional and Laser land leveling) and cutoff irrigation (Traditional and cutoff irrigation) on NO3-losses into drainage water; yields, uptake and irrigation water productivity of wheat crop.
MATERIALS AND METHODS
A field experiment was conducted at the Experimental Farm of Sakha Res. Station through the two seasons (2017/2018 and 2018/2019) , to evaluate the effect of land leveling (Traditional and Laser land leveling) and irrigation (without cut off and cut off irrigation at 85% from strip length) on leaching losses of nitrate into drainage water in clay soil, yields, uptake and irrigation water productivity of wheat crop. The location is situated at 31.087 N and 30.937 E. The tile drains were spaced to simulate a 30-m spacing, 100-m length and 1.2 m depth with a slope of 0.1%. The soil has a clayey in texture; the average soil textural is 16.55% sand, 31.77% silt and 51.68 % clay. Before cultivation, soil samples were collected up to 0.6 m depth, for analysis. The main chemical and physical properties of the soil are located in Table (1) . 11, 2017and November 15, 2018 All plots received a total of 50 Kg Casuperphosphate/fed., during tillage operation. Nitrogen fertilizer in the form of urea was added at a rate of 75 Kg N/fed, in two doses (before the first and the second irrigations). During the two wheat growing seasons, all agricultural operations were performed as recommended.
Through irrigations cycles, to monitor water table level and to collect groundwater samples, in midway between field drains, observation wells were installed. The discharge rates (Q) at drain outlets were measured as mm/day according to Dieleman and Trafford (1976) . Several water samples were collected from tile effluent and groundwater at different times of the day were taken for analysis. The water samples taken from tiles were analyzed for nitrate using Kjeldahl method (Cottenie et al., 1982) . Soil samples were taken up to 0.6 m depth, before fertilizer application, after the first, the second and the third irrigations and after wheat harvested for analyzed of NO -3 (according to Cottenie et al., 1982) . The wheat was harvested on 12 th April in 2018 and 20 th April in 2018 to determine grain and straw yields. Wheat samples (grain and straw) were dried at 70 o C, grounded with a mill and its nitrogen content was determined using Kjeldahl digestion method (Cottenie et al., 1982) . Nuptake (kg fed -1 ) was calculated by multiplying dry yield (kg fed -1 ) by nitrogen %.
Irrigation water:
Irrigation water was measured by using a rectangular sharp crested weir. The discharge was calculated using Masoud (1969) Ali et al., (2007) .
Productivity of irrigation water (kgm -3 ) was calculated according to

Statistical analysis:
Data for yield and its components of wheat were noted and subjected to statistical analysis by ANOVA method (Snedecor and Cochran 1980) . Treatments were compared by Duncan's multiple range test (Duncan, 1955) . The overall averages of two seasons were taken for the discussion.
RESULTS AND DISCUSSION
Amount of irrigation water applied (m 3 fed -1 ):
The quantity of water applied inclusive rainfall (7.5cm) during wheat growing season is shown in Table  ( 2). Data showed that, sowing irrigation had received the highest amount of irrigation water comparing with the other irrigations ones. Results indicated that, Laser land leveling and/or cut off irrigation were more pronounced on reducing irrigation water amount. Also, Laser land leveling was superior to cutoff irrigation on reduction of irrigation water amount. Whereas, traditional land leveling and irrigation received the highest irrigation water amount (2231 m 3 fed -1 ) followed by traditional land leveling with cutoff irrigation (2125m 3 fed -1 ) and laser land leveling with traditional irrigation (1980m 3 fed -1 ). While, the lowest irrigation water amount was achieved with Laser land leveling combined with cutoff irrigation (1878m 3 fed -1 ). This is due to, decreasing irrigation period under Laser leveling and/or cutoff irrigation. Laser leveling improves irrigation efficiency through better irrigation (Rickman, 2002 and Jat, et al., 2006) . Drain discharge (m 3 fed -1 ):
Result of drain discharge (Fig 1) was reduced with time particularly in the first few days after irrigation.
Fig. 1. Discharge rate mmday -1 ) after irrigation with treatments of study under through wheat growing season
The rates of drain discharge ranged from 4.13 to 6.86 mm day -1 after one day from irrigations and 0.30 to 0.48 mm day -1 before the next irrigation. Ramadan et al. (2009) and Antar (2013) found that, in clay soil, the plurality of discharge water is from water move through macro pores and soil cracks. The discharge flow reduces quickly when the soil saturates next a few days of irrigation. Drain discharge rates were higher under traditional land leveling and/or traditional irrigation comparing with Laser land leveling and/or cutoff irrigation. Whereas, drain discharge rates varied from 0.48 to 6.86 mmday -1 under traditional land leveling with traditional irrigation and from 0.32 to 6.40 mmday -1 under traditional land leveling with cutoff irrigation. Also, varied from 0.32 to 5.72 mmday -1 under laser land leveling with traditional irrigation and the lowest discharge rates from 0.30 to 5.60 mm day -1 under Laser land leveling combined with cutoff irrigation.
Cumulative drain discharges (m 3 fed. -1 ) during sowing irrigation were higher comparing with the irrigation ones. Cumulative discharges (m 3 fed. -1 ) were higher with traditional land leveling and/or traditional irrigation compared to Laser land leveling and/or cutoff irrigation for all irrigation cycles. Total cumulative drain discharges through the wheat growing seasons were 460. 76, 403.48, 359.17 and 308.36 m 3 fed. -1 for traditional land leveling with traditional irrigation, traditional land leveling with cutoff irrigation, Laser land leveling with traditional irrigation and Laser land leveling with cutoff irrigation, respectively. This is may be due to the high values of irrigation water amount with conventional irrigation and traditional land leveling compared to Laser land leveling and cutoff irrigation (Table 3) .
Nitrate in soil:
Nitrate content (Table 4 ) of the soil was decreased with increasing depth. This may be attributed to the increasing percentage of organic matter in the soil surface layer than subsurface layer. Nitrate contents of the soil were low (from 16 to 26 ppm) before N-fertilizer application and increased after addition of N-fertilizer (varied from 33 to 81 ppm) while, it reduced at the end of the seasons (varied from 16 to 33 ppm). This tendency may be refer to rapid N-uptake by plants through the growing season. These results were confirmed with Antar, (2013) and Khafagy et al., (2018) .
Results (Table 4) show that, nitrate content of the soil after N-fertilizer addition under Laser land leveling with or without cutoff irrigation were higher as compared to traditional land leveling with or without cutoff irrigation. Also, the content of NO 3 in the soil under cutoff irrigation was higher than traditional irrigation. This explained on the basis of Laser land leveling and cutoff irrigation which were reduced drain water flow and so, increased the amounts of nutritive in the soil. Forasmuch, Laser land leveling and cutoff irrigation enhancing irrigation efficiency and decreases the possibility for nutritive loss. 
Nitrate in drainage water:
Nitrate concentrations in drainage water through the wheat growing seasons (Figs 2) were ranged from 13.0 to 65.0 ppm. Nitrate in drainage water before N-fertilizer addition were low (from 15.0 to 21.0 ppm) and rising after N-fertilizer addition (after the first and second irrigations) which were ranged from 38.0 to 65.0 ppm then, reduced again with the latter irrigations. The results indicated that, the nitrate content in drainage water was paralleled to the nitrate content of the soil in the two growing seasons. The redaction losses of nitrate with the latter irrigations, may be refer either to the redaction of nitrogen in the soil solution and/or to the rising demand of wheat crops for nitrogen with this growth stage. These results were confirmed with Maija et al. (2012) and Antar, (2013) .
The highest concentrations of nitrate (Fig 2) in drainage water were recorded with traditional land leveling and/or traditional irrigation while, the lowest concentrations were recorded with Laser land leveling and/or cut off irrigation. The low concentrations of nitrate were more pronounced under Laser land leveling combined with cut off irrigation (Fig 2) . In this concern, Antar (2013) concluded that, Laser leveling allows for control of water distribution with negligible water losses.
Laser leveling as well as cut off irrigation (Khafagy et al., 2018) reduced the potential for nutrient loss through better irrigation and runoff control.
Fig. 2. NO -3 concentration (ppm) of drainage water for irrigation cycle with treatments of study during wheat growing season
Total losses of nitrogen via drainage water:
Total estimated losses of nitrogen in drainage water under land leveling and irrigation are presented in Table 5 . The application of Laser land leveling and/or cut off irrigation were superior to traditional land leveling and/or traditional irrigation on reducing nitrogen losses. Results indicated that, Laser land leveling and/or cut off irrigation application led to less amount of nitrogen losses in drainage water. Also, Laser land leveling was superior to cut off irrigation on reducing N losses. The overall mean values of nitrate losses were 17. 94, 14.20, 12.45 and 8.16 kg fed -1 for traditional land leveling with traditional irrigation, traditional land leveling with cut off irrigation, Laser land leveling with traditional irrigation and Laser land leveling with cut off irrigation, respectively. The corresponding values of nitrogen losses in drainage water were 4.05, 3.21, 2.81 and 1.84 kg fed -1 , respectively. In this concern, Antar (2013) found that Laser land leveling caused decrease of nitrogen losses in drainage water than traditional leveling. Also, Khafagy et al. (2018) came up with similar results. Nitrate leaching losses from the rhizosphere can be affected by the nitrogen content of the soil and the time of water percolation from the root zone. Leaching losses of nitrogen can be affected by the time between supply of available form nitrogen to the soil and N-uptake by plant (Bakhsh et al., 2002 and Antar 2013) . This may be attributed to the control of water allocation with lack water losses with Laser land leveling and cut off irrigation. The redaction of nitrogen losses with Laser land leveling and cut off irrigation may be due to, the chance for more leaching downward for both water and its load of fertilizers could be happened under conventional land leveling and conventional irrigation. In this consequence, Bjorneberg et al. (1998) and Bakhsh et al. (2002) reported a high correlation (R 2 = 0.89) were noticed between flow volume of drainage water and NO 3 -N leaching losses into drainage water.
Yield and N-uptake:
Results (Table 6) indicated that Laser land leveling application achieved significant increase in wheat grain yield and insignificant in straw yield comparing with traditional land leveling. Results showed that, increasing of wheat grains yield were 11.73 % under laser land leveling application compared to traditional land leveling. On the other hand, results showed that insignificant effects were noticed between cut off and traditional irrigation treatments for grain and straw yield of wheat crop. Whereas, results of wheat yields recorded nearly the same values under traditional irrigation and cut off irrigation (Table 6 ).
The combination between traditional land leveling with traditional irrigation or cut off irrigation resulted in low value of wheat grain yield. While, the combination between Laser land leveling with traditional irrigation or cut off irrigation resulted in high value of wheat grain yield. The average values of wheat grain yield were 2490, 2540, 2830 and 2790 kg fed. -1 for traditional land leveling with traditional irrigation, traditional land leveling with cutoff irrigation, Laser land leveling with traditional irrigation, Laser land leveling with cut off irrigation, respectively. Concerning, the combination between land leveling with irrigation treatments, data showed, no obvious differences for wheat straw yield.
In this concern, Rickman, (2002) and Jat, et al., (2006) reported that, a precisely leveled soil surface leads to uniform soil moisture distribution, resulting in a good germination, enhanced input use efficiency and improved crop stand and yield. Also, these increments in production of wheat crop could be attributed to that under laser land leveling, which accompanied with less irrigation water, more energy is forced to extract more water with its content of fertilizers, which in turn resulted in decreasing the withdrawn of fertilizers. These results were confirmed with El-Hamdi and El-Knany (2000) and Antar et al., (2013) . N-uptake (Table 6 ) values by wheat plants were parallel to the yield results. Whereas, Laser land leveling led to in significant increase for N-uptake by wheat grain yield and insignificant effects for straw yield compared to traditional land leveling. Laser land leveling application resulted in increasing N-uptake by wheat grain yield to be 6.50 kgfed -1 more than traditional leveling. On the other hand, results showed that, cut off irrigation resulted in somewhat increase for N-uptake by grain and straw of wheat crop than traditional irrigation. The mean values of N-uptake were 45.70 and 47.10 kgfed. -1 by wheat grain yield and 9.63 and 9.74 kgfed. -1 by straw yield for traditional and cutoff irrigation, respectively.
Results showed that, N-uptake by wheat grain yield were higher under the combination between Laser land leveling with traditional irrigation or cut off irrigation while, the low value was noticed under traditional land leveling with traditional irrigation or cut off irrigation. The average values of N-uptake by wheat grain yield were 41. 83, 44.45, 49.53 and 49 .66 kg fed. -1 for traditional land leveling with traditional irrigation, traditional land leveling with cut off irrigation, Laser land leveling with traditional irrigation, Laser land leveling with cut off irrigation, respectively. Data also showed, no obvious differences in N-uptake by straw yield of wheat crop for the combination between treatments of land leveling with irrigation.
Increasing N-uptake by wheat could be attributed to that under Laser land leveling and cut off irrigation which accompanied with less water content, more energy is forced to extract more water with its content of fertilizers, which in turn resulted in decreasing the withdrawn of fertilizers. Also, it due to the less losses of N with these treatments and consequently increasing available N in the soil. Similar results were monitored with El-Hamdi and Knany (2000) and Antar, (2013) . Productivity of irrigation water (PIW, kg m -3 ) Data in Table (7) cleared that the Laser land leveling with or without cut off irrigation were more pronounced relative to traditional land leveling with or without cut off irrigation in enhancing PIW of wheat yields. The average values of PIW were 1.12, 1.20, 1.43 and 1.49 kg m -1 for grain yield and 0.90, 0.92, 1.01 and 1.04 kg m -1 for straw yield for traditional land leveling with traditional irrigation, traditional land leveling with cut off irrigation, Laser land leveling with traditional irrigation, Laser land leveling with cut off irrigation, respectively. This may be due to reduction of nutrient leaching with Laser land leveling, thereby increase the efficacy of mineral fertilizers and increasing the wheat productivity. Also, it due to the less amount of irrigation water with Laser land leveling with or without cut off irrigation compared to traditional leveling and irrigation.
Economic Evaluation:
The effect of land leveling and cut off irrigation on wheat crop can be arranged on the basis of economic evaluation in the descending order as follows: CL > IL> IT > CT 
CONCLUSION
Laser land levelling application with or without cut off irrigation lead to reduction of nitrate losses into drainage water, thereby increase the efficacy of N fertilizers and increasing the wheat productivity. Cutoff irrigation reduces the potential for nutrient loss through better irrigation and runoff control.
